Introduction
The Centauro, [1] mini-Centauro and other "unusual" cosmic ray events (Chiron, Geminion) are high energy (= 10 15±1 eV) cosmic ray events detected in nuclear emulsion chambers at high altitudes (> 4000 m) with characteristics which defy explanation in terms of "standard" high energy cosmic ray collisions and subsequent cascading of the produced particles [2] . We presently focus our attention on the so called Centauro events which have been the subject of controversy over many years. The characteristics which set these events apart from the typical events expected at these energies (= 10 15 eV) are the following: a. They are observed deep in the atmosphere (~ 500 g cm -? ), only a few hundred meters above tnP emulsion chamber detector. b. They have very high mult1,,licity. c. They have very large mean transverse momentiim, < p t >, 3-5 times larger than that of a typical nuclear fragmentation interaction.
d. There is a deficiency of neutral pion production.
It was immediately realized that direct nuclear collisions failed to account for any of the above features, especially for the observed rate, R = 10 -2 m -2 sr -l yr -1 , since the probabilty of penetration of a strongly interactiny particle to such depths is negligible.
It was also pointed out though, that most of the above features (multiplicity, <P t >) as well as toose of other "unusual" events [3] , could he accounted for in terms of the In relating the Centauro rate to that of high energy cosmic ray interactions, we shall assume that a large fraction of high energy cosmic rays have interacted within 5U g cm-2 frcn top of the atmosphe r e, which sets the inte r .^,tion height to about 21 km. Given that the Mt. Chacaltaya detector is at a depth -500 g cm-2 or a height of -6 km, the bubbles of metastahle matter wiii have to traverse a distance of about 15 km before they decay. We further assume that any decay at a distanc., dL > 100 m from the detector does not classify as a Centauro event, because the ensuing cascade will not have the characteristics of a Centauro (i.e. closeness to the detector, few
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Then if To is the lifetime of the bubble and Y L its Lorentz factor in the laboratory frame, the decay rate of bubbles as a function of time after the interaction will be N(t) = N T e -t/Y L T 0 (1) or in terms of the distance d from the high energy interaction point,
Wh,. • e NT is the rate of bubble production at the top of the atmosphere. Then the differential rate with respect to the pathlength dl within which decays are identifiable as Centauro events is 
with E i measured in GeV. The factor n denotes the fraction of these events that produce bubbles of metastable nuclear matter, which we will presently assume to be of the order of 1 (n = 1). The only thing now needed is a relation between E i and Y L so that we obtain a relation between Ei and To. if M b is the mass (rest energy) of the bubble and E*b its CM energy then its Lorentz factor in the interaction CM frame will he
Hence the Lorentz factor of the CM will be YCM = (Em-P Consequently the Lorentz factor of the bubble in the laboratory frame, YL, will be
Substituting equations (5) and k '6) into equation (4) and solving for E i we obtain the transcendental equation
where R = 10-2 m-2 sr -l yr -1 is the Centauro event rate, dl = 10 4 cm, d = 15 km = 1.5 x 10 6 cm, K is defined by equation (5), and m has been taken as 1
GeV. Substituting the numerical values equation (7) superdense state of matter with mean particle separation, k, 3-5 times smaller than that of quarks in a nucleon. Since the corresponding energy density is expected to be E -n 4/3 _ (1/Z) 4 , (n is the quark number density) it would correspond to energy densities -80-600 times those of nuclear matter. Hence the matter is expected to be in the quark-gluon phase. Unfortunately the phase transition from the quark to nuclear matter is considered to take place at much lower energy densities, a few GeV fm-3 , and therefore does not appear to account for the observed magnitude of P t . Also the decay of such quarkgluon balls should produce 7"s contrary to observation.
In search of another scale at higher energy densities, the intriguing possibility of the SU(2) x U(1) i U(1) symmetry breaking scale has heen considered. If the symmetry is restored there is a contrihution to the energy density from the SU(2 1 x U(1) vacuum. The total energy density, E, is then
The first term is the energy density due to the quarks participating in the collision (assumed to be cold) and the second term the energy density of the ,r 9 vacuum. The pressure of the mixture can then be calculated using the thermodynamic relation P= n dL-e= i An" /3 -p.
One can now observe that for An 4/3 = o (i.e. close to the phase transition point) the pressure of the mixture goes to zero and the medium becomes unstable to bubble f ormation. It is assumed that at T = T c the two phases with <o = 0 and <0> * 0 coexist since the height of the harrier between them is smaller than the thermal energy for T > T c [6] . Neglecting surface effects, the bubbles are in pressure equilibrium between the positive particle p r essure and the negative vacuum tEnsion. These bubbles would presumably survive as long as the false vacuum state i^ prese ,-ved and does not decay to its minimum energy state (true vacuum). From the formal point of view the SU(2) x U(1) vacuum acts in a similar way as the constant bag energy density of QCD (which presumably is due to the SI1(3) vacuum; see ref. 7) , to form bound metastable objects. The difference is that the SU(2) x II(1) vacuum is metastable and these objects will decay with the decay of the false vacuum.
However for this situation to occur the energy density achieved in the collision should be of the order of that required to restore the Sll(2) x, 11 (1) symmetry. This is roughly the energy density corresponding to black hody radiation of temperature equal to the critical temperature for SU(2) x U (1) breaking. This is expected to be T -m H , where m is the mass of the Higgs boson. This mass cannot be determined from the theory and it is currently unknown. Taking however at face value the observed P t for the Centauro events, and assuming as a working hypothesis, that is due to the decay of metastable vacuum into Higgs particles which further decay into Kaons, one is lead to m -2p t or 2-3 GeV. It is interesting to note that this value for WH naturally accounts for the large observed multiplicity, since an ohjecŝ imilar to that considered to account for the Centauros with M 100 GeV will ,22cay into -50 Higgs particles which will further decay into 100 KK (see further discussion). One should mention at this p oint that there is a lower Since, no definite answer to this question can presentl y he given and since the required energy density is within an order of magnitude of the ones presently considered achievable we consider that such a possihility exists.
Such a point of view is actually supported by the evidence for apparent scaling violation both in high energy cosmic ray interactions x121 and in pp collider experiments [13] .
It is interesting to note that the energy at which evidence for such violations occurs (as quoted by the above authors) is 10 15 eV, in good agreement with the threshold energy for Centauro productions as derived graphically in fig. 1 .
One can of -ourse always argue that such structures have very long life times and were created in the early universe [4] , since at sufficiently early times the temperatures were high enough for the SU(2) x U(1) symmetry to be restored. Unfortunately this scheme, although it mry account satisfactorily for the production cf such objects, requires the introduction of several other parameters (their life times, spectrum, number density etc.) in an art hoc manner. While such a possibility cannot he dismissed it appears to he at least for the present, intractable.
Finally there is one more issue to be addressed, namely the apparent absence or deficiency of neutral pions or photons in these events, which should be explained in terms of the decay modes of the form of matter considered to comprise the fireballs. If our hypothesis is correct and the 
